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According to the Convention on Biological Diversity (CBD) the development of bioindicators is 
extremely necessary to achieve the conservation targets by 2010, and insects are considered an 
effective group for this goal. Drosophilids are regarded as potential indicators, although this idea 
remains untested. Therefore, we followed up a protocol to test the drosophilid potential indicator for 
human disturbance in the Brazilian Savanna, one of the richest and most threatened tropical biomes 
in the world. Sampling was undertaken in one urban environment and two biological reserves, 
representing four habitat types (undisturbed gallery forest, disturbed gallery forest, undisturbed 
savanna, and urban environment). We examined differences in the drosophilid assemblages among 
habitat types and used the Indicator Value (IndVal) method to point out the indicator species. We 
also tested the two-stage indicator validation, a protocol recently proposed in the literature, to 
validate the indicator species for undisturbed gallery forest and savannas, in independent samples. 
The assemblage variables varied mainly in undisturbed gallery forests, and reflected changes from 
an undisturbed to a disturbed stage. The IndVal associated with the two-stage protocol showed 
reliable characteristic species, which are very helpful for diagnostic surveys. Likewise, species that 
can detect changes in the habitats were also found. We found a set of indicators, which together 
may be very efficient for both assessing and reflecting a variety of conditions, improving the 
confidence of the bioindication system, expanding the taxonomic options for bioindicators, and 
therefore, contributing to the conservation of this region. 
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Methods and data 





















Table 1  
Characterization of the sampling areas and sites 














savanna 1 10 10 Tidon 
(2006) Undisturbed 
gallery forest 1 10 10 
Ecological 
Reserve of IBGE 
(RECOR) 
I. 07/1999 to 
06/2001 
Undisturbed 
savanna 1 10 10 Tidon 
(2006) Undisturbed 




savanna 6 1 6 
Mata (2002)Undisturbed gallery forest 3 1 3 
Disturbed 











In NP and RECOR I, one gallery forest and one savanna-like vegetation (locally known as cerrado 
sensu stricto or just “cerrado”) area were sampled, encompassing four undisturbed sites. Ten traps 
were placed in each site, positioned 10 m from each other, along a 100 m transect. In the RECOR II 
sample, 12 sites (one trap per site) located in a variety of vegetation forms (disposed at least 100 m 
from each other) were classified into three habitat types: (1) undisturbed gallery forest, (2) disturbed 
gallery forest, and (3) undisturbed savanna. 
The drosophilid specimens were identified by identification keys, species description and, in some 
cases, the male terminalia (Freire-Maia and Pavan 1949; Frota-Pessoa 1954; Val 1982; Vilela 1983, 
1992; Vilela and Bächli 1990). 
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specificity measure:Aij=Nindividualsij/Nindividualsi                                                      (1) 
where Nindividuals ij is the mean number of species i across sites of group j, and Nindividuals i is the sum of 
the mean numbers of individuals of species i over all groups; 


















































































































Fig. 1  
Means and 95% confidence intervals of the variables that showed significant differences among 
habitat types (significant Wald statistic values). gf, undisturbed gallery forest; dgf, disturbed gallery 
forest; sv, undisturbed savanna; ur, urban environment. Different letters indicate significant 
pairwise differences between habitats 
 
 
Table 2  
Wald’s statistics (W) obtained by the Generalized Linear Models (GLM) for seven assemblage 
variables, indicating which of them show significant differences among habitat types (undisturbed 
gallery forest; disturbed gallery forest; undisturbed savanna, and urban environment) 
Variables df Neotropical Exotic Narrow range Widespread
Abundance (W) 3, 15 8.16* 4.46 10.57* 4.5 
Richness (W) 3, 15 38.44** 12.71** 23.62** 
* P < 0.01 











Fig. 2  
Differences in drosophilid assemblage composition among habitat types, showing relative 
abundance of (a) neotropical and exotic species, and (b) narrow range and widespread species. gf, 



















Fig. 3  
Relationships between fidelity and specificity (the two components of the Indicator Value) for 
species in the drosophilid assemblage in four habitat types 
 
 
Table 3  
Species Indicator Values (IndVal) showing which and how many species prefer each of the four 
habitats types 
Species IndVal (%) Species IndVal (%)
Undisturbed gallery forest Disturbed gallery forest 
D. paraguayensis  100* D. fuscolineata  38 
D. willistoni  96*   
D. ornatifrons  88* Undisturbed savanna 
D. maculifrons  77* D. nigricruria  73* 
D. mediopunctata  71* D. hydei  57 
D. malerkotliana  69 D. mercatorum  47 
D. immigrans  67 D. nebulosa  40 
D. mediostriata  61* D. cardini  33 
D. schildi  54* D. fumipennis  13 
D. guaru  45 D. medioimpressa 13 
D. sturtevanti  43 D. mesostigma  13 
D. ararama  40     
D. atrata  40 Urban environment 
D. bandeirantorum  40 D. melanogaster  100* 
D. polymorpha  40 D. cardinoides  87* 
D. neocardini  33 D. simulans  67* 
D. bocainensis  30 Z. indianus  56 
D. austrosaltans  29 D. prosaltans  53* 
D. arauna  20 S. latifasciaeformis 53 
D. neoguaramunu  20 D. busckii  49 
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Species IndVal (%) Species IndVal (%)
D. onca  20 D. paranaensis  11 
D. paramediostriata 20     
D. pallidipennis  17     
D. aragua  16     















Table 4  
Indicator values of those species that matched the criteria for detector species for each comparison. 
(1) Undisturbed gallery forest (gf) × disturbed gallery forest (dgf) × undisturbed savanna (sv); (2) 
undisturbed gallery forest × disturbed gallery forest; (3) undisturbed gallery forest × urban 
environment (ur); (4) undisturbed savanna × urban environment 
Comparison Species IndVal (%)
1 
  gf dgf sv
D. hydei  2 20 61
2 
  gf dgf   
D. hydei  4 52   
3 
  gf ur   
D. busckii  9 79   
D. mercatorum  23 77   
D. prosaltans  22 73   
D. simulans  25 75   
S. latifasciaeformis 7 83   
Z. indianus  2 98   
4 
  sv ur   
D. busckii  33 57   
D. immigrans  4 88   
D. prosaltans  13 83   
D. simulans  11 89   
10
Comparison Species IndVal (%)
S. latifasciaeformis 30 59   
Z. indianus  43 57 
 







Table 5  
Species identified as characteristic of undisturbed gallery forests and undisturbed savannas, in the 
two-stage identification process for RECOR I/NP and RECOR II data sets 
Approach Data set Habitat types 
Independent 
sample   
Undisturbed gallery forest 




D. bocainensis  D. busckii  
  D. fuscolineata  D. nebulosa  
  D. guaru  S. laficasciaeformis  




(n = 3) (n = 6) 
  D. mediostriata  D. cardini*  
  D. prosaltans  D. nigricruria*  
    D. polymorpha*  
    D. simulans  
  
RECOR I/NP and 
RECOR II 
D. immigrans*  D. hydei*  
  D. ornatifrons*  D. mercatorum*  
  D. paraguayensis*  Z. indianus*  
  D. willistoni*    
Random 
selection   
Undisturbed gallery forest 




D. immigrans    
  D. maculifrons    
  D. malerkotliana    
  D. mediopunctata*    
  D. mediostriata    
  D. polymorpha    
  D. schildi*    
11
Approach Data set Habitat types 
  D. simulans    




(n = 2) (n = 4) 
  D. prosaltans  D. busckii  
    D. cardini  
    D. hydei  
    D. malerkotliana  
    D. nebulosa  
    D. nigricruria  
    D. simulans  
    D. sturtevanti  
    S. latifasciaeformis 
  
Selection I and II 
D. ornatifrons  D. mercatorum  
  D. paraguayensis*  Z. indianus  
  D. willistoni     
* P < 0.05 
The underlined species were re-identified as characteristics species when testing using the two 
approaches (independent data set and random data subsampling), and therefore, they emerged as 
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